SUMMARY Eighteen cases of primary small cell carcinoma of the bladder were studied. Three patients survived for two years and one survived for five years, which was significantly worse when compared with poorly differentiated transitional cell carcinoma (WHO grade 3). Aggressive tumour behaviour was independent of the presence of neuroendocrine characteristics. Morphometric analysis showed that the nuclear size, which was comparable with that reported in pulmonary small cell carcinoma, was significantly smaller than in poorly differentiated transitional cell carcinoma. Nuclear morphometry may therefore help identify small cell bladder carcinoma, especially in the absence of neuroendocrine differentiation characteristics. DNA flow cytometry of paraffin wax embedded specimens showed aneuploidy in 14 tumours-five were peritetraploid and two multiple aneuploid-and only three were diploid. Aggressiveness of small cell bladder carcinoma usually coincides with aneuploidy in most cases, but diploid tumours may also follow a rapid, lethal clinical course.
Primary small cell undifferentiated carcinoma rarely occurs outside the lung. 2 In the bladder it accounts for less than 05% of all malignancies,3 but is characterised by an extremely aggressive course comparable with that of its pulmonary counterpart. 34 Small cell bladder carcinoma may also show a favourable initial response to combination chemotherapy like pulmonary small cell undifferentiated carcinoma.'
Recognition of this type of bladder carcinoma is primarily based on histological appearance, which closely resembles that of pulmonary small cell carcinoma. Neuroendocrine differentiation characteristics identified by immunohistochemistry or electron microscopy may further elucidate diagnosis.3 A considerable number of cases may lack these features, however, even though they still follow a similarly fatal clinical course.3478 Other additional diagnostic and prognostic techniques might therefore be useful.
Previous studies have shown that nuclear morphometry of transitional cell carcinoma is useful for discriminating among various histological grades and for predicting clinical outcome.6"" The prevalence of large sized nuclei, for example, seems to be associated with high tumour grade and worse prognosis.9' Furthermore, flow cytometric studies have shown that DNA ploidy is ofconsiderable prognostic importance Accepted for publication 25 May 1989 in a variety of malignancies,'2 including bladder carcinoma.'3'5 Like nuclear enlargement, DNA aneuploidy has also been shown to be correlated with advanced tumour stage and unfavourable outcome.2 " 16 So far, however, there are no data available which prove the value ofthese quantitative techniques in small cell bladder carcinoma.
Material and methods
The data of 18 patients (13 1034 comprises measurement of 100 arbitrary nuclei, sampled from randomly positioned fields throughout the whole slide, and selected by using an ocular square grid.'" The selective method essentially entails the measurement of 10 abnormal nuclei from each slide.'" Blomlous, Vos, Schipper, De Voogt, Baak, Meijer These nuclei were chosen because of their large size and were selected from the histologically most atypical area of the slide (size of the area about five low power fields at a magnification of 10 times). Distorted, poorly defined, and obviously tangentially sectioned (b) Case 9: small cell carcinoma with slight atypia ofthe overlying urothelium. nuclei (nuclear caps) were not measured. As shown previously, both methods gave a satisfactory intraand interobserver reproducibility.'" Furthermore, they have been shown to discriminate effectively among various histological grades of transitional cell carcinoma,'0 and the selective method, particularly, has shown that it is of considerable prognostic value.9
DNA FLOW CYTOMETRY Nuclear DNA content in paraffin wax embedded specimens was analysed using the method described by Hedley et al,25 with slight modifications. Fifty gm thick sections were cut and dewaxed in xylol, rehydrated, and enzymatically dispersed by protease (Sigma P5255, 0-05% in 0 9% buffered saline, pH7). After filtration through a 50 jm nylon gauze, centrifugation (for five minutes at 1000 rpm), resuspension in carbowax (2% polyethylene glycol in 50% ethanol), and mechanical detachment by repeated syringing (through 21 gauge needles) the cell suspension was centrifuged. The cells were stained with the DNA-fluorochrome 4',6'-diaminido-2-phenylindole dihydrochloride (final concentration 2jg DAPI/ 100 ml Tris-hydrochloric acid buffer).
Nuclear DNA content was analysed with the PAS II flow cytometer (Partec Arlesheim, Switzerland), using excitation light at 350 nm. Suspensions of mouse thymocytes were used for instrument setting. For each histogram 30 000 to 80 000 cells were scanned. The first modal cell peak was regarded as the diploid peak. Samples were considered to be aneuploid when in addition to the GO/GI and G2/M peaks, one or more DNA peaks were detected. Tumours in which the proportion of peritetraploid cells (DNA indices between 1-9 and 2X1) exceeded 10% of the whole cell population were regarded as peritetraploid aneuploid.
Survival (Kaplan-Meier) curves were analysed, using the Mantel-Cox statistic. Wilcoxon's test was used to evaluate the differences of mean and standard deviation of the nuclear area among various tumour groups.
Results
The histological appearance of the 18 small cell bladder carcinomas conformed with the criteria developed by the World Health Organization for small cell undifferentiated carcinoma of the lung (fig 1) Reactivity to chromagranin A and Leu-7 was found only in a minority of cases. Two tumours showed a positive immunoreaction to only NSE, and another three cases were negative for all neuroendocrine markers. Although ultrastructural investigation was impaired by suboptimal fixation of the formalin fixed paraffin wax embedded tissue, neurosecretory type granules (diameters of 150 to 250 nm) were found in the cytoplasm of eight tumours (table 1) . These dense, core membrane bound granules were commonly found only after prolonged examination.
Stage (TNM classification) of the initial tumour, treatment, development of metastases, and clinical outcome of the patients with small cell carcinoma are shown in table 2.27 Only one patient seemed to be cured by cystectomy, being free of disease after more than five years of follow up. Three patients were still alive, although with progressive recurrent and metastatic disease in spite of initial remission after combination chemotherapy. The remaining 14 patients all died of their tumour at one to 15 months of disease (median and mean: seven and 9-4 months).
The Kaplan-Meier survival curve of the patients with small cell undifferentiated carcinoma is shown in fig 2: two and five year survivals come to 28% and 19%, respectively. Comparison with the patient group with grade 3 transitional cell carcinoma emphasises their extremely unfavourable clinical course (MantelCox: 4-563; p = 0-03).
MORPHOMETRIC FINDINGS
Nuclear morphometric analyses of the small cell carcinomas according to the random method of sampling showed mean and standard deviations ofthe nuclear area ranging from 33-60 to 54 55 jm2, and from 4-69 to 10-66 jm2. Mean and standard deviation of both were: 43-21 (6-76) jm2 and 7-15 (2-10) jm2. A significantly larger mean and standard deviation ofthe nuclear area were observed in grade 3 transitional cell carcinoma: 80-44 (8-28) jm2, and [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] (5 85) jm2 (Wilcoxon, 18-62 and 18-62; p < 0-0001).
Similar findings were obtained when using the selective morphometric method. The mean and standard deviation of the mean nuclear areas of the small cell carcinomas were 67 55 (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) jm2 and (1 -9) jm2, and of the grade 3 transitional cell carcinomas were 194-70 (42-08) jm2 and 42-88 (22-69) jm2 There were also no differences between the mean and standard deviation of the nuclear area of the patients with and without neuroendocrine characteristics at immunohistochemical staining or at electron microscopic examination. DNA Although the nuclear size of small cell carcinoma lies within the same range as highly differentiated (WHO grade 1) transitional cell carcinoma,'0 histological discrimination is easy. In contrast to the latter, small cell carcinoma lacks the overt resemblance to urothelium and displays a diffuse and monotonous histological pattern, unlike the common papillary architecture of high grade transitional cell carcinoma.
Such differentiation characteristics are less common in poorly differentiated (grade 3) transitional cell carcinoma. This tumour is, however, characterised by a large and variable nuclear size, unlike small cell bladder carcinoma.32 This distinction is morphometrically reflected by the significantly lower values of the mean and standard deviation of the nuclear area in small cell carcinoma shown in this study. The values approach that of pulmonary small cell undifferentiated carcinomas which have been reported by others. 33 Nuclear morphometry may thus help in doubtful cases to discriminate between poorly differentiated transitional cell carcinoma and small cell undifferentiated carcinoma. Its usefulness is especially apparent when immunohistochemistry and electron microscopy fail to disclose neuroendocrine differentiation characteristics, which occurred in a substantial number of our small cell carcinomas.
Within the group of small cell bladder carcinomas neither the use of the random nor the selective morphometric method permitted discrimination of any patient subgroup with distinct clinical outcome. This is at variance with previous morphometric observations in common transitional cell carcinoma that have shown a good correlation between nuclear size and prognosis.9"' DNA flow cytometry of paraffin wax embedded archival material enables the prognostic importance of nuclear DNA content to be evaluated retrospectively. It is, however, time consuming and not always accurate in the determination of near-diploid peaks, when compared with the processing of fresh tissue specimens." The present analysis of archival material resulted in interpretable DNA histograms in 17 of the 18 tumours. Only one histogram was not evaluable, which might have been due to poor tissue fixation. Most of the remaining cases (14 of 17) had aneuploid cell populations; five of them were peritetraploid and two had multiple aneuploid peaks. Only three tumours were diploid, although we may have missed an additional near-diploid aneuploid peak in two of these cases because of their wide GO/GI peaks (coefficients of variation: 10-3% and 7 8%).
No correlation was found between the various DNA patterns and clinical outcome. Irrespective of the ploidy state of the primary tumour, most patients developed early metastatic and fatal disease. In particular, the clinical course of the three diploid cases did 1038 not differ from the aneuploid cases. There is some difference in transitional cell carcinoma ofthe bladder, therefore, because DNA diploidy of this lesion is almost invariably associated with benign tumour behaviour.5 13 So far, there are no flow cytometric data available which permit comparison with our findings. Comparable data of small cell carcinoma of the lung are also scarce, although incidental reports indicate a similar predominance ofaneuploid tumours. '34 In this respect it is interesting that diploid pulmonary small cell carcinomas might show a better response to combination chemotherapy, as reported by some authors.36 Such a correlation was, however, not confirmed in our series. Only five of our patients received chemotherapy, resulting in temporary remission ofthe disease in all five patients and in prolonged survival in three, but all these cases had been shown to be aneuploid.
In conclusion, our study shows that small cell bladder carcinoma is a highly aggressive neoplasm that should be distinguished from other malignancies, including poorly differentiated transitional cell carcinoma. Identification should primarily be based on the light microscopical appearance, but nuclear morphometry may help to affirm the diagnosis, especially when immunohistochemistry and electron microscopy are inconclusive. Although flow cytometry shows an aneuploid nuclear DNA content in most of the cases with a fatal course, the absence of detectable DNA aneuploid cell populations does not indicate less aggressive tumour behaviour.
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